Emergency department (ED) patient turnover increases each year in the United Kingdom.
world. Although the majority of X-rays taken in the ED are interpreted correctly, the reported incidence of X-ray misinterpretation varies from 2% to 35%. [5] [6] [7] [8] In addition, studies have shown that most diagnostic errors are made by junior staff members. [9] Given the high volume in patient turnover seen in most EDs, it is often not possible to have a senior emergency doctor or radiologist review imaging at time of presentation. This may lead to incorrect diagnosis of fractures and consequently some patients being unnecessarily reviewed by an orthopedic surgeon at the fracture clinic. This is a particular issue in Northern Ireland, as fracture clinics are routinely overbooked in an attempt to manage current fracture workload. The Cochrane Collaboration recently reviewed the evidence for referrals to secondary care and identified that in most areas of healthcare secondary referrals could be improved. Methods shown to improve referral rates were education interventions and referral pathway protocol sheets. [10] Recent guidelines from the British Orthopaedic Association have been released regarding the operation of fracture clinics; however, they have also stated that their guidance is based on professional consensus, as there is little evidence in the area. [11] The challenge is then how to optimize the efficiency of fracture clinics using current resources. This may be accomplished by minimizing unnecessary fracture referrals, therefore improving patient review within a safe timeframe. The aim of this study is to review current trends in fracture clinic referral, including appropriateness of referral and time from injury to clinic review. Additionally, the effect of a simple 1-hour education program delivered to ED staff on fracture clinic referrals will be evaluated.
Patients and methods
This study was performed at a district general hospital in Northern Ireland that provides trauma and orthopedic service to 2 EDs, one of which is a nurse practitioner-led minor injury unit. Pre-and post-study, all fracture clinics were operating at full capacity. No additional clinics or resources were provided, and as a result, it can be concluded that any improvement in outcome was due to improvement of current resources and education programs.
Data was collected prospectively between 08/10/2013 and 17/10/2013. No patients were excluded. The cases and images of all new patients referred to the fracture clinic were reviewed by the leading orthopedic surgeon. Data collected included referral diagnosis, actual diagnosis, referring clinician grade, suggested review time, and actual review time. In addition it was recorded whether the case had been discussed with senior members of the ED, radiology department, or orthopedic staff prior to referral, as well as general comments regarding appropriateness of referral.
Unless otherwise documented in the ED patient notes, it was assumed that any discussion with the orthopedic team was with the on-call team; dependent on the time of day, this would be either a senior house officer, specialty doctor, or trauma registrar-the equivalent of junior to senior residents according to international training structures.
Following data collection, a 1-hour education program led by a consultant (attending) orthopedic surgeon was delivered to ED staff. The education program was delivered between 02/12/2013 and 09/12/2013 by the senior author ( JMcC). It included information regarding simple fracture diagnosis, fracture management, and use of a fracture clinic referral guideline that was distributed throughout the trust 10 months prior to beginning the study. More than 1 session may have been required at each referring hospital to allow for shift changes, but all ED staff involved in the study attended the education program only once. The fracture clinic referral guideline is shown in Figure 1 .
Following execution of the education program, a further review of new fracture clinic referrals was undertaken between 02/01/2014 and 09/01/2014. The senior orthopedic surgeon of each fracture clinic reviewed all new cases for appropriateness of referral using the previously mentioned criteria.
The local audit and research department was consulted prior to completing the present study. Given that it was an observational study and it is routine practice for many of the orthopedic surgeons in the unit was to provide feedback to the EDs when no significant injury is found, the study was deemed service evaluation and did not require formal ethical approval submission.
Statistical analysis was performed using XLSTAT software (Addinsoft, New York, NY, USA) and Chisquared calculations were used to generate a p value to evaluate statistical significance. A p value <0.05 was considered statistically significant.
Results
Fifty-eight new patients were seen during the first period of note review, which took place prior to the education program with the referral protocol. Table 1 demonstrates the diagnostic accuracy of referrals made from the ED prior to the education program. Table 1 is split into Correct Diagnosis and Incorrect Diagnosis made by the ED clinician referring the patient. Discussion with senior attending doctors typically involved either a junior doctor or emergency nurse practitioner discussing the case with a middle-grade/resident doctor or senior attending doctor. Throughout the study, there was no documentation of a middle-grade/resident doctor discussing a case with a senior attending ED doctor. Notes were complete from a diagnosis and legibility point of view.
The grade of ED clinician was reviewed, with the most senior clinician documented on the ED patient notes. Table 2 demonstrates these results. Of note, 34 of the 58 patients (58.6%) were seen by an ED nurse practitioner, and ED notes of 8 of the 58 (13.8%) patients were either illegible or did not document grade of practitioner reviewing the patient. Table 3 demonstrates the number of review times requested by the ED clinicians that met our protocol (Figure 1 ) prior to the education program. Table 3 shows whether the suggested review from the ED clinician could actually be achieved at the fracture clinic. Even if the suggested review time was incorrect, the orthopedic department continuously operates at full capacity and attempts to see all patients as soon as possible. We believe this data reflects the pressures that the service is under and underlines the need for this study.
Following the education program, from 01/01/2014 to 08/01/2014, new patient fracture referrals were again reviewed, and a total of 63 new patient records were collected. Table 4 demonstrates the diagnostic accuracy found following the education program and repeat data collection. Following the education program, there was an improvement in the proportion of correct diagnoses and interpretation of the referral protocol. Less discussion with senior ED staff was noted, indicating improved understanding of the referral protocol (Figure 1 ) when managing and referring on fractures. It also suggests that less senior doctor involvement was required during the study, signifying that they were able to be used elsewhere in the department. Table 5 reports the grade of ED clinician or most senior member of staff who consulted with the patient following the education program. Unfortunately, the grade of clinician who made the referral was illegible in 4 of the ED patient notes. The p values show that there was no significant shift in referrer grade following delivery of the education program. Tables 4 and 5 indicate that delivery of the education program and encouragement to use the referral pathway did not result in more work for senior ED staff and did not significantly impact their current commitments. Table 6 demonstrates the review times recommended by the ED clinician, the number of suggested review times that could be achieved, and whether the suggested review times were appropriate. There was a significant a 3 of 7 were missed intra-articular fractures, 1 of 7 was a missed buckle fracture, 1 of 7 was misinterpreted as an intrarticular fracture, 1 of 7 was a misdiagnosed supracondylar fracture and 1 of 7 was a displaced ankle fracture which was not reduced and should have been referred for surgical fixation. improvement in both appropriateness of suggested review times and actual review times that patients received. This indicates that patient care can be improved without an increase in resources or clinics. Figure 2 summarizes the results as a percentage preand post-education program. There was an improvement in all outcomes. In order to evaluate statistical significance of these results, p values were calculated using chi-squared analysis, with a p value of <0.05 demonstrating statistical significance. Statistically significant improvements in interpretation of protocol, suggested review times, and review times that patients subsequently received were found following the education protocol (Table 7) .
Discussion
Following use of an education program and demonstration of referral protocol, our results show a significant improvement in interpretation of the protocol (p=0.002). This included appropriate review time suggested by referrer (p<0.000) and, importantly, a significant improvement in the proportion of patients actually seen in a safe and timely fashion at the fracture clinic (p=0.004). Following the education program, there was a correlation between an improved number of correct diagnoses and a decrease in the number of referrals without a fracture. These improvements in services were accomplished without requiring an increase in fracture clinics, an increase in size of fracture clinics, an increase in ED services, or a significant shift in ED personnel practice.
One study demonstrated that utilizing a separate stream for minor injury assessment in the ED reduced waiting times, improved treatment, and improved patient satisfaction. [10] However, in order to achieve a significant improvement in patient treatment, an increase in senior personnel presence was required, with greatest improvement being seen when a senior ED clinician was present on the floor. Although an increase in personnel was not required to facilitate this, a shift of senior staff to minor injuries was required, which may impact the treatment of urgent conditions. Use of our protocol and education program improved patient diagnosis and subsequently improved the proportion of patients who received an appropriate review without a significant shift in ED referrer grade. This demonstrates that improvements can be made without increasing the burden on senior ED staff and thus pulling staff from other areas of the ED.
Studies have demonstrated that radiologist reporting of X-rays at the time of ED attendance improves diagnostic accuracy and treatment of patients. [4] Currently, our hospital does not routinely provide a reporting service for the ED at the time of patient attendance; therefore, it is particularly important that a mechanism such as ours is in place, so that diagnostic accuracy is optimized and appropriate review times are designated and implemented. This minimizes the risk of a patient' s treatment being compromised in the event of misdiagnosis.
We acknowledge that there were some limitations in the present study. Our results were dependent on ED documentation. Unfortunately, for the purposes of this study, if something was not documented, then it did not occur. Consequently, the data of some patients who received correct diagnoses or whose cases were discussed with more senior ED staff may have been lost. In addition, there were also occasional issues with legibility of handwriting and incomplete ED documentation.
The most common error appears to be a missed intra-articular fracture. Intra-articular fractures can be difficult to spot and appear to occur, though at a lower rate, following education. This finding highlights the importance of having an available facility to ensure an appropriate review time for patients. This study demonstrates that following the use of a simple education program and referral protocol, a significant improvement in appropriateness of patient referrals can be achieved. This improvement then leads to a significant increase in patients referred with correct diagnoses, appropriateness of review times, and subsequently improved patient care. Importantly, these results can be achieved without the need for increased patient resources.
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